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ABSTRACT 

The transport mechanisms of 5-aminolevulinic acid 
methyl ester (5-ALA-ME) have heen studied in a human 
adenocarcinoma ceil line (WiDr) by means of ^'*[C]-la- 
beled 5-ALA-ME. The transport was found to be partly 
Na^ dependent, while the extracellular Cl~ concentration 
did not affect the uptake. The transport of 5-ALA-ME 
into WiDr cells was dependent on the incubation tem- 
perature and was found to be completely blocked by the 
inhibitors of energy metabolism, 2-deoxyglucose and so- 
dium azide. WiDr cells were treated with 10 mM of 14 
different amino acids and the substrate specificity of the 
5-ALA-ME transporter(s) was analyzed by treating the 
cells with 23 |iAf or 1 tnM i'»[C]-labeled 5-ALA-ME. The 
transport of 5-ALA-ME was found to be inhibited to the 
highest extent, Le, about 60%, by the nonpolar amino 
acids L-alanine, L-methioninc, L-tryptophan and glycine. 
The uptake of 5-ALA-ME followed an exponential decay 
with increasing concentration of glycine, reaching a max- 
imum inhibition of uptake of 5-ALA-ME of 55%. Sar- 
cosine, a specific inhibitor of system Gly, did not signifi- 
cantly inhibit 5-ALA-ME transport. In contrast to trans- 
port of 5-ALA, 5-ALA-'ME does not seem to be taken up 
by system BETA transporters. In conclusion, the cellular 
uptake of 5-ALA-ME into WiDr cells seems to be due to 
active transport mechanisms, involving transporters of 
nonpolar amino acids. 

INTRODUCTION 

The use of 5-aminolevulinic acid (5-ALA)t has shown great 
promise for treatment of a number of superficial conditions 

^Posted on the website on 30 November 2000. 

*To whom correspondence should be addressed at: Department of 
Biophysics, Institute for Cancer Research, The Norwegian Radi^ 
urn Hospital, Montebello, N-0310 Oslo, Norway. Fax: 47-22-93- 
42-70; e-mail: kristian.berg@labmed.uio.no 

i Abbreviations: 5-ALA, 5-aminolaevuliiiic acid; 5-ALA-ME, S-ami- 
nolaevuUnic acid methyl ester; GABA, ^-aminobutyric acid; HE- 
PES, /V-2-hydroxythylpiperazine-yV'-2-ethane-sulfonic acid; meth- 
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but, the use of esterified derivatives is still very much under 
investigation (1), The treatment induces accumulation of 
porphyrins, primarily protoporphyrin DC (PpIX), altiiough 
other more hydrophilic photosensitizers may also accumu- 
late (2--5). These photosensitizers exert a cytotoxic reaction 
upon exposure to light, mainly mediated via formation of 
singlet oxygen. A major drawback of the treatment with 5- 
ALA is its poor ability to diffuse through biological mem- 
branes because of its low lipophilicity (6). Only superficially 
located lesions can be treated as a result of tlie poor pene- 
tration of 5-ALA into tissues. A possible solution for this 
problem may be to use lipophilic prodrugs of 5-ALA. Sev- 
eral chemical modifications have been made, both on the 
amino- and carboxyl groups, and the resulting compounds 
investigated for their ability to induce PpEX formation and 
sensitivity to photoinactivation (2,3,7,8). So far, the most 
promising derivatives for clinical utilization have been 5- 
ALA esterified with aliphatic alcohols. Esterification of 5- 
ALA with long chain (Cg-Cg) alcohols was found to reduce 
tiie amount of 5-ALA (as ester) needed to reach the required 
level of PpK accumulation by 30-150-fold as compared 
witii nonesterified 5-ALA (2), Although 5-ALA methyl ester 
(5-ALA-ME) induces PpIX formation less efficienUy than 5- 
ALA, animal experiments, as well as clinical studies, indi- 
cate deeper penetration of 5-ALA-ME as compared to 5- 
ALA upon topical application and with higher specificity for 
neoplastically transformed skin lesions (9-12). 

The mechanisms associated with the uptake of 5-ALA 
have been studied in a human adenocarcinoma cell line 
(WiDr) (13,14), but similar uptake studies witii 5-ALA-ME 
have never previously been performed. In this study tile 
mechanisms of the uptake of 5-ALA-ME in WiDr cells have 
been investigated. The results show that transport mecha- 
nisms for 5-ALA-ME are different from that of 5-ALA. 

MATERIALS AND METHODS 

Cell cultivation. Cells of an established line (WiDr), derived from 
a human primary adenocarcinoma of the rectosigmoid colon (15), 



yl-AIB, a-methylaminoisobutyric acid; PBS. Dulbecco*s phos- 
phate-buffered saline; PDT, photodynamic therapy; PpIX, proto- 
porphyrin, DC. 
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were subculturcd in Roswell Park Memorial Institute 1640 medium 
(GIBCO, Grand Island, NY) containing 10% fetal calf serum, 100 
U/mL penicillin. 100 jig/mL streptomycin and 2 mM L-glutamine. 
Tlie cells were subcultured approximately twice a week and main- 
tained at 37**C and 5% COj in a humid environment. 

Chemicals. 5- ALA (specific activity 47,6 mCi/mmol) was 

purchased from NEN* Life Science Products (Boston, MA). Unla- 
beled 5-ALA (Sigma, St. Louis, MO. or Photocure, Norway) was 
dissolved in Dulbecco's phosphate-buffered saline (PBS) or a buffer 
containing 10 mM N-2-hydroxythylpiperazinc-yV'-2-ethane-sulfonic 
acid (HEPES), 150 mM NaCl. 1.2 mM CaClj, 0.64 mM MgClj. 6.0 
mM KOH and 5.0 mM D-glucose (named HEPES-buffer). pH was 
adjusted to 7.4 with 5 M NaOH. ['"C] 5-ALA was diluted 48-fold 
with tliese solutions containing unlabeled 5-ALA so that the total 
concentration of 5-ALA was 1 mM. I2.3-3H(N)] 7-aminobutyric acid 
(GABA) was obtained from NEN* Life Science, [1-"'C] p-alanine 
was obtained from American Radiolabeled Chemicals, Inc. (St. Lou- 
is, MO), while [4-i'*C] 5-ALA-ME' (specific activity 1.05 mCi/mmoI) 
was synthesized by treatment of [4-^*C] 5-ALA hydrochloride with 
thionyl chloride in mctlianol as described below. All other chemicals 
were of analytical grade and of highest purity commercially avail- 
able, All amino acids used were L-stereoisomers, 

Preparation of ^^C-laheled ALA esters. Forty milligrams of ALA 
was weighed into a stoppered test tube and 250 fJiCi "'C-labeled 
ALA added (2.5 mL of solution in 0.1 M HCl). This was freeze 
dried overnight. Tlie freeze dried ALA was dissolved in 1 mL dry 
methanol (dried with anhydrous sodium sulfate). One milliliter of 
dry metlianol was chilled on dry ice and 0.25 mL tlnonyl chloride 
added slowly. The two methanol solutions were mixed and the vol- 
ume reduced to 1 mL under a jet of nitrogen with gentle wanning. 
About 10 mL of chilled dietliyl ether (dry ice) was added with good 
mixing to precipitate the ester. The tube was stood in dry ice for 5 
min. The ester was collected by centrifugation (--1000 rpm for 10 
min). This pellets the bulk of the product but the tube warms up 
during the spin. To ensure all the product Avas collected the tube 
was cliilled again for 5 min on dry ice and recentrifuged for 5 min. 
The etiier was removed with a Pasteur pipette and discarded. The 
last of the ether was evaporated under a jet of nitrogen and the 
product dried tliorouglily under vacuum. Thin layer chromatography 
of all the ester reactions was done using 60:40 acetone;methanol, 
and visualized by spraying with 2% ninhydrin in acetone and heating 
in an oven. These analyses showed a radiochemical purity >90%. 

Uptake measurements. The cells (4.0-8.0 X 10** cells cm"^) were 
seeded into 24-welI plates 2-3 days before the experiments; nearly 
confluent layers of cells were incubated with radiolabeled material 
at the desired concentration under various conditions. Tlie cells were 
either incubated in PBS or m HEPES-buffer. After treatment, the 
cells were kept on ice and washed four times in cold PBS. The cells 
were dissolved in 200 |xL 0.1 M NaOH. After 10 min of Incubation 
2 mL scintillation fluid (Opti-fluor, Packard) was added to tlie sam- 
ples, and radioactivity was measured in a Packard Tri-Carb 4550 
scintillation counter. 

Protein determination. Protein was assayed by the Bradford* s 
metliod (16) using a Bio-Rad Protein Assay (Bio-Rad Laboratories, 
Munich, Germany) with human serum albumin as standard. 

Statistical analysis. Uptake measurements were routinely done in 
duplicate. Each experiment was repeated two or three times. Tlie 
results are presented as mean values ± SEM. Linear regression anal- 
ysis was performed by tlie method of least squares. 

RESULTS 

Cellular uptake of 5-ALA-ME 

The radioactively labeled compounds [''*C] 5-ALA and \}^C\ 
5-ALA-ME were utilized for measuring cellular uptake in 
WiDr cells. The uptake of both 5-ALA and 5-ALA-ME was 
linear during the 6 h of incubation at 3TC (Fig. lA). Based 
on the slopes in Fig. lA the rate of 5-ALA uptake was 3.6 
nmol/mg protein h which is in accordance witli previous 
results (14), while the rate of 5-ALA-ME uptake was about 
30% lower, i.e. 2.4 nmol/mg protein h, which is significantly 
lower than the rate of 5-ALA uptake (P < 0.05). The initial 
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Incubation time (h) 

Figure 1. Uptake of 1 mM 5-ALA and 5-ALA-ME in WiDr cells 
at 0°C and 37**C. (A) Uptake of 5-ALA (•) and 5-ALA-ME (O) at 
37°C was measured in HEPES-buffer over an incubation period of 
0-6 h as described in * 'Materials and Methods.** The uptake of: (B) 
5-ALA; and (C) 5-ALA-ME at 0**C (O) and 3TC (•). Linear re- 
gression analysis was performed on the data. 



association of 5-ALA-ME with the WiDr cells was higher 
than that of 5-ALA. 

Figure IB shows the time course of 5-ALA uptake at 0**C 
and 3TC, For the incubation at 0**C the cells were incubated 
on ice in a room kept at 4**C. The uptake of 5-ALA at 0**C 
was found negligible as compared to that at In con- 

trast, the uptake rate of 5-ALA-ME at 0°C was initially sim- 
ilar to that at 37*0, but in all the experiments was 55-65% 
lower 2-4 h after initiation of tiie incubation (Fig, IC). 

Inhibition of 5-ALA-ME uptake with metabolic 
inhibitors 

To assess the energy dependence of 5-ALA-ME uptake, the 
5-ALA-ME uptake was meastired in the presence of meta- 
bolic inhibitors. The cells were incubated with NaN3 (10 
mM) and 2-deoxy-D-glucose (100 mM). inhibitmg the res- 
piration chain and glycolysis, respectively, for 1 h prior to 
treatment with 5-ALA-ME, resulting in more than 97% re- 
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Figure 2. Effects of metabolic inhibitors on the uptake of 5-ALA- 
ME in WiDr cells. Uptake of 1 rxiM 5-ALA-ME with (•) and without 
(O) the presence of the metabolic inhibitors NaN3 (10 m^O and 2- 
deoxy-D-glucose (100 toM) was measured as described in **Mate- 
rials and Methods.** The cells were preincubated with metabolic 
inhibitors for 1 h before 5-ALA-ME was added. 

duction in cellular adenosine triphosphate (data not shown). 
Upon further incubation with the metabolic inhibitors the 
uptake of 5-ALA-ME was completely inhibited (Fig. 2). It 
should be noted that the initial association of 5-ALA-ME 
with the cells in the presence of metabolic inhibitors is about 
a factor of four lower than the initial binding in the absence 
of the metabolic inhibitors. The plasma ^embrane was still 
intact at the end of the treatment as revealed by the propi- 
dium iodine exclusion method (17) (data not shown). 

Na+ dependence of 5-ALA-ME uptake 

The Na^ dependence of 5-ALA-ME uptake in WiDr cells 
was analyzed by substituting NaCl with choline chloride 
(Fig. 3). The cells were treated with various concentrations 
of choline chloride for 3 h, which has previously been found 
to be nontoxic to the cells (14). As s^en in Fig. 3A the 
uptake of 5-ALA-ME in the cells is pardy Na+ dependent 
since the uptake is reduced by 40% in the absence of Na+ 
(P < 0.01 between the groups [Na+] = 0 and 150 mM). A 
similar Na+ dependency was reflected in the 5-ALA-ME- 
induced PpDC formation (Fig. 3B), 

CI- dependence of 5-ALA-ME uptake 

Chloride ions (CI") were substituted with a mixture of glu- 
conate, NO3- and SO3- salts (18), and the results show that 
the 5-ALA-ME uptake is CI" independent (Fig. 4). It should 
be noted that 5-ALA-ME is delivered as 5-ALA-ME HCl, 
and when all CI" is removed from die medium there will be 
about 1 mM CI" left. In contrast to the CI" independency of 
the cellular uptake of 5-ALA-ME extracellular CI" concen- 
trations below 90 mAf reduced die 5-ALA-ME-induced for- 
mation of PpIX (Fig. 4B). 

Inhibition of 5-ALA-ME uptake with a-amino acids 

WiDr cells were incubated for 3 h with various amino acids 
(10 mM) and 23 pikf or 1 mM 5-ALA-ME containing [^^C] 
5-ALA-ME (Fig. 5). It was found tiiat nonlabeled 5-ALA 




0 I I I I I I I I 

0 20 40 60 80 100 120 140 

INa+], mM 

Figure 3. Dependence of: (A) 5-ALA-ME uptake on the Na+ con- 
centration; and (B) PpIX formation upon incubation of WiDr cells 
with 1,85 mM 5-ALA-ME and different concentrations of Na+. 
WiDr cells were incubated with 1 jjiM 5-ALA-ME in a HEPES- 
buffer in which the Na+ concentration was varied by substituting 
NaCl with choUn chloride, and otherwise treated as described in 
'*Materials and Metiiods/* Mean ± SE of tiuee experiments. 



and 5-ALA-ME reduced tiie uptake of [^Kl] 5-ALA-ME by 
as much as 41 and 53%, Respectively, at low concentrations 
(23 pM) of the labeled compound, but no significant inhi- 
bition was observed at higher concentration of C] 5-ALA- 
ME (1 mM, data not shown). The transport of 5-ALA-ME 
was mhibited to the highest extent by amino acids witii non- 
polar side chains. It has recently been shown tiiat 5-ALA is 
transported by system BETA transporters in WiDr cells (14) 
as well as in Saccharomyces cerviseae (19). A similar in- 
hibitory effect of system BETA substrates on the uptake of 
5-ALA-ME was not observed.fThe inhibitory effect of amino 
acids on die uptake of [^^C] 5-ALA-ME was similar but less 
pronounced when using the higher concentration of die la- 
beled compound (data not shown). 

Inhibition of 5-ALA-ME uptake by sarcosine and 
glycine 

Glycine was one of the most efficient amino acids in inhib- 
iting cellular uptake of 5-ALA-ME (Fig. 5). In cells mcu- 
bated witii 23 yM [i'*C] 5-ALA-ME tiie inhibition followed 
an exponential decay of the form y = 225 4- 285e-° 322x (qj- 
y = 0.44 + 0.56e-0'322x ^^e^ noninhibited uptake is nor- 
malized to 100) (BP' = 0.93), indicating diat a maximum 
inhibition of 55% of die 5-ALA-ME uptake could be pro- 
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Figure 4. Dependence of: (A) 5-ALA methyl ester uptake on Cl" 
concentration (incubation time, 3 h); and (B) PpIX formation on 
extracellular CI" concentration upon incubation of WiDr cells with 
1.85 mM 5-ALA-ME. WiDr cells were incubated witli 1 mM 5- 
ALA-ME in a HEPES -buffer in wliich the Cl~ concentration was 
varied by substituting NaCl with Na gluconate, MgClj widi MgS04 
and CaCl2 witli Ca(Na03)2-4 H2O, and otherwise ti-eated as described 
in * 'Materials and Metliods.'* Mean ± SE of three experiments. 



duced by glycine. Similar results with respect to ipaximum 
inhibition were obtained when the cells where treated with 
1 mM [i^C] 5-ALA-ME (data not shown). About 2.5 mM 
glycine was needed to induce half the maximum inhibitory 
effect on uptake of 23 pM 5-ALA-ME. 

System Gly, a transport system for glycine, is present in 
several tissues (20). Sarcosine is a specific inhibitor of sys- 
tem Gly and was therefore investigated for its ability to in- 
hibit 5-ALA-ME (Fig. 5). However, the inhibition of 5- 
ALA-ME uptake by sarcosine was marginal and not statis- 
tically significant. 

A substantial cellulai* uptake of 5-ALA-ME was observed 
'at 4''C (Fig. 1). However, the cellular uptake of 1 mM 5- 
ALA-ME at 4''C was not inhibited by 10 mM glycine (data 
not shown). 

DISCUSSION 

Preclinical as well as clinical studies indicate that esterfica- 
tion of 5-ALA with aliphatic alcohols increases the efficien- 
cy and specificity of this compound with respect to PpIX 
formation in target tissues (9-12). In cells in culture the 
pathways for PpIX formation from 5-ALA and 5-ALA esters 
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Figure 5. Inhibition of 5-ALA-ME uptake by various amino acids. 
The amount of 5-[^^C] ALA-ME (23 \iM) taken up after treatment 
of WiDr cells for 3 h in the presence of various amino acids (10 
mM) is reported as the percentage of the mean uptake of radiola- 
beled 5-ALA-ME in the absence of any added nonradioactive amino 
acid. SD for the control, ±11%. 

diverge only in the first two steps, the transport over the 
plasma membrane and the deesterification of the ester 
groups. It has recently been shown that 5-ALA esterified to 
long chain (>C4) aliphatic alcohols induces formation of 
PpIX more efficiently than 5-ALA itself, while 5-ALA-ME 
induces PpIX less efficiently (2,3). In order to reveal the 
causes for the differences in rates of PpIX formation induced 
by 5-ALA and its ester derivatives the transport mechanisms 
for 5-ALA (14) and 5-ALA-ME (this study) have been in- 
vestigated in an adenocarcinoma cell line. 

The present study indicates that in several aspects the 
transport of 5-ALA-ME is different from tiiat of 5-ALA: the 
uptake of 5-ALA-ME is less temperature dependent, less 
Na+ dependent and, in contrast to uptake of 5-ALA, inde- 
pendent of CI". The inhibition of 5-ALA-ME uptake by ami- 
no acids was found to be sinciilar to tliat for 5-ALA in many 
cases with the exceptions of methionine, the system BETA 
substrates and a-methylaminoisobutyric acid (methyl-AIB) 
(Fig. 5). 

The uptake rate of 5-ALA-ME at O^'C and the lack of 
inhibitory effect of glycine at O^C might indicate partial up- 
take of this compound by passive diffusion (Fig. IC). How- 
ever, this is contraindicated by the complete inhibition of 5- 
ALA-ME uptake in the presence of metabolic inhibitors 
(Fig. 2). The uptake rate of 5-ALA-ME at 0°C is only ini- 
tially high and is significantiy lower after 2 h of incubation, 
indicating a two-step process with the equihbrium binding 
of 5-ALA-ME to the plasnia membrane reached only slowly 
at 0**C. It should be noted that the initial association of 5- 
ALA-ME with the cells at 3TC is much higher than that of 
5-ALA (Fig. lA). In contrast to the zwitterion 5-ALA', 5- 
ALA-ME is a cation which may be easily associated with 
the high negative charge on tlie surface of cells with a high 
membrane potential. This is consistent with the reduced ini- 
tial association of 5-ALA-ME with the cells when the plas- 
ma membrane potential was lowered (Fig. 2). Tlius, the met- 
aboHc inhibitors may influence on the cellular uptake rate of 
5-ALA-ME by reducing its association with the plasma 
membrane. 

At die same concentration (1 mM) 5-ALA-ME induces 
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Figure 6. (A) Inhibition of 5-ALA-ME glycine. The average 
amount of [''*C] 5-ALA-ME (23 jxAiQ taken up by WiDr cells after 
3 h in the presence of glycine. The curve is the best fit of the results 
to an exponential decay formula as described in the text. (B) The 
cellular uptake of 5-ALA-ME in the presence of sarcosine and gly- 
cine as indicated on the figure. The cells were incubated with 1 mM 
5-ALA-ME containing ['"C] 5-ALA-ME. The cells were incubated 
in a HEPES-buffer as described in '^Materials and Methods.*' 



PpDC formation at a rate naore than 60% lower than in the 
case of 5- ALA (14). This could at least partly be due to a 
lower rate of uptake of 5-ALA-ME through the plasma 
membrane (Fig. lA). This interpretation is further strength- 
ened by the observation of Kloek et al (21) that fluorescence 
formation induced by 5-ALA and 5-ALA-ME was similar in 
lysed T-lymphoma cells, indicating that deesterification of 
5-ALA-ME is not a ratfe limiting step in the PpEX formation. 

The present study shows that about 40% of the uptake of 
5-ALA-ME is Na+ dependent (Fig.3), 50-60% is capable of 
being inhibited by amino acids (Figs, 5 and 6), the uptake 
is inhibited about 50% by incubation at 0**C (Fig. IC) and 
the uptake at 0°C is not capable of being inhibited by gly- 
cine. The inhibition of uptake at 3TC by glycine could be 
described by an exponential decay function and a maximum 
of 55% of the 5-ALA-ME transport occurs by carriers of 
glycine. Altogether, these results indicate that at least two 
different uptake mechanisttis are involved in the cellular up- 
take of 5-ALA-ME. 

The amino acids transporters involved in the uptake of 5- 
ALA-ME cannot be determined from this study. The cellular 
uptake of 5-ALA-ME is most efficientiy inhibited by die 
nonpolar amino acids L-alanine, L-methionine, L-tryptophan 
and glycine (Fig. 5). System Gly, a Uransporter for glycine, 
is probably not involved in the uptake of 5-ALA-ME since 



sarcosine, a specific inhibitor of system Gly (20), does not 
inhibit the uptake of 5-ALA-ME and since uptake of 5-ALA- 
ME was CI- independent (Fig. 4) (22). Neither is it likely 
tiiat transport of 5-ALA-ME by system BETA is of great 
importance since system BETA substrates, such as p-ala- 
nine, taurine, hypo- taurine and GAB A, do not inhibit 5- 
ALA-ME uptake (Fig. 5) (or inhibit to only a minor extent) 
and since system BETA transporters are CI" dependent. This 
is in contrast to our findings for 5-ALA (14). The two most 
common Na+-dependent transporters are systems A and ASC 
(20). Transport through system A is inhibited by methyl- AIB 
(23) which was found to inhibit uptake of 5-ALA-ME by 
nearly 40% (Fig. 5). Alanine, serine and glutamine are par- 
ticularly good substrates for system A! Alanine was also 
found to inhibit transport of 5-ALA-ME in accordance with 
a role for system A in the transport of 5-ALA-ME. In con- - 
trast, glutamine did not significantiy inhibit the transport of 
5-ALA-ME. System ASC overlaps in specificity with system 
A, but is not inhibited by methyl-AIB. and alanine, serine 
and cysteine are preferred substrates (20,24). In accordance 
with this alanine and to some extent cysteine inhibit uptake 
of 5-ALA-ME. System B° is another Na+ -dependent trans- 
porter with broad specificity for zwitterionic aminoacids, in- 
cluding alanine, glutandne, leucine and phenylalanine (25), 
of which the specificity for glutamine is not in accordance 
with transport of 5-ALA-ME. In addition, systems IMINO, 
Xao" and PHE of the Na+-dependent transporters should be 
considered for the transport of 5-ALA-ME (20). Of the Na+- 
independent transporters system L is one of the most wide- 
spread, using mainly branched-chain and aromatic amino ac- 
ids, such as tryptophan (Fig. 5), as substrates. However, ami- 
no acids with small nonbranched side chains, such as alanine 
and glycine, are poor substrates for system L. It should also 
be noted that the substrate specificity of transporters in neo- 
plastic cells may be different from the corresponding normal 
tissue (26,27). 

In contrast to the studies of sodium dependency there was 
a discrepancy between the influence of chloride ions on 5- 
ALA-ME uptake and PpDC formation (Fig. 4). It was* found 
that 5-ALA-ME uptake was independent of the extracellular 
chloride concentration while the rate of PpDC formation was 
reduced by more than a factor of two in medium without 
chloride. Although it is well known that parameters such as 
ionic strengdi and pH influence on activity of the heme path- 
way enzymes (28-30) we are not aware of any studies of 
die importance of chloride. The intracellular concentration 
of chloride is usually relativejy high (5-15 mAO and a sub- 
stantial reduction in the intracbllular concentration may have 
direct or indirect effects on thie heme pathway enzymes. 

In conclusion. 5-ALA-ME is transported into WiDr cells 
in a Cl"-independent maimer, it is partly Na+ dependent and 
50-60% inhibited by nonpolar amino acids. The cellular up- 
take is reduced by low temperatures and completely inhib- 
ited by metabolic inhibitors. The results indicate tiiat 5- 
ALA-ME is taken up by active transport mechanisms, and 
it is likely that more than one transporter is involved in the 
cellular uptake of 5-ALA-ME. About 50% of die 5-ALA- 
ME transport occurs on carriers for glycine, but different 
from System Gly. 
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